The molecular structures comprising the asymmetric unit are shown in the figure. Table 1 contains crystallographic data 
and Table 2 contains the list of the atoms including atomic coordinates and displacement parameters.
Source of material
The title salt mixed solvate was prepared through solvent drop grinding of 4-mercaptobenzoic acid (Acros, Geel, Antwerp, Belgium) (0.154 g, 1 mmol) and N,N′-bis((pyridine-2-yl) methylene)-cyclohexane-1,4-diamine [5] (0.292 g, 1 mmol) in a 1:1 molar ratio. The mixture was ground for 15 min in the presence of a few drops of methanol which lead to a beige slurry. The slurry was taken up in dimethylsulphoxide (2 mL) and carefully layered with benzene (2 mL). Colourless crystals formed after a week. M.pt: 410. 8 
Experimental details
The C-bound H atoms were geometrically placed (C-H = 0.95-1.00 Å) and refined as riding with U iso (H) = 1.2-1.5Ueq(C). The O-and N-bound H atoms were located in difference Fourier maps but were refined with distance restraints of O-H = 0.84 ± 0.01 Å and N-H = 0.91 ± 0.01 Å, respectively, and with U iso (H) set to 1.5Ueq(O) and 1.2Ueq(N), respectively.
Comment
The isolation and crystallographic characterization of the title salt mixed solvate came about during recent co-crystallization studies of isomeric n-mercaptobenzoic acid co-formers [6] [7] [8] [9] [10] , for n = 2, 3 and 4, as well as of isomeric Schiff bases [6] [7] [8] [9] [10] ; the instability of this co-former is well documented [7, 12, 13] . Thus far, in the case when n = 4, the Schiff base has been observed to decompose/react when co-crystallized with 2-mercaptobenzoic acid, leading to a cyclohexane-1,4diammonium di-cation [9, 11] . A more spectacular outcome was noted when the Schiff base with n = 2 was co-crystallized with 2-mercaptobenzoic acid whereby the original Schiff based was converted to a 2-(4-ammoniocyclohexyl)-3-(pyridin-2-yl)imidazo[1,5-a]pyridin-2-ylium di-cation [8] . In on-going investigations in this area, herein the title salt mixed solvate is described whereby the original 4-mercaptobenzoic acid is present as the di-anion of 4-DTBA, and the original Schiff base with n = 4 is present as a cyclohexane-1,4diammonium di-cation. The salt co-crystallized as a hydrate, dimethylsulphoxide mixed solvate. The molecular structures of the five-component crystal are shown in the figure (70% probability displacement ellipsoids with unlabelled atoms for the N1-and N2-dications being −x, 1 − y, −z and 2 − x, 1 − y, 1 − z, respectively). The product comprises two independent cyclohexane-1,4-diammonium di-cations, each located about a centre of inversion, a 4-[(4-carboxylatophenyl)disulfanyl]benzoate dianion, and a molecule each of dimethylsulphoxide (DMSO) and water. The di-cation/di-anion assignments are confirmed based on the pattern of hydrogen bonding in the crystal, as discussed in detail below, and in the closeness of the C1-O1, O2 [1.2478(17), 1.2750(17) Å] and C14-O3, O4 [1.2505(17), 1.2699(17) Å] bond lengths. Each of the centrosymmetric di-cations adopts a chair conformation so that the 1,4ammonium groups have an anti-disposition. The di-anion is twisted as seen in the C5-S1-S2-C8 torsion angle of 85.47 (7) °, and in the dihedral angle between the two phenyl rings of 78.39(7)°. To a first approximation, the carboxylate groups are co-planar with the phenyl rings which they are attached with the O1-carboxylate group exhibiting a greater twist out of the plane. This is quantified in the values of the O1-C1-C2-C7 [169.05(12)°] and O4-C14-C11-C10 [173.76(12)°] torsion angles.
Significant hydrogen bonding interactions contribute to the cohesion of the molecular packing. Each of the six ammonium and two water hydrogen atoms forms donor interactions to an oxygen acceptor (carboxylate-O, water-O and DMSO-O). The N1-ammonium cation forms charge-assisted hydrogen bonds to carboxylate-O atoms exclusively, forming a single link to three different carboxylate residues [N1-H1n· · · O1 i : H1n· · · O1 i = 1.900(14) Å, N1· · · O1 i = 2.8053(18) Å with angle at H1n = 171.6(14)°; N1-H2n· · · O3: H2n· · · O3 = 1.814(17) Å, N1· · · O3 = 2.7173(17) Å with angle at H2n = 171.4(16)°and N1-H3n· · · O4 ii : H3n· · · O4 ii = 1.885(13) Å, N1· · · O4 ii = 2.7876(16) Å with angle at H3n = 170.5(17)°for symmetry operations (i) x, −1 + y, z and (ii) −1 + x, y, z]. By contrast, the N2ammonium cation forms charge-assisted hydrogen bonds to disparate oxygen atoms, namely water-O, carboxylate-O and DMSO-O atoms [N2-H4n· · · O1w: H4n· · · O1w = 1.860(14) Å, N2· · · O1w = 2.7673(17) Å with angle at H4n = 168.6(15)°; N2-H5n· · · O2 iii :
H5n· · · O2 iii = 1.882(16) Å, N2· · · O2 iii 2.7890(17) Å with angle at H5n = 172.2(15)°and N2-H6n· · · O5: H6n· · · O5 = 1.859(14) Å, N2· · · O5 = 2.7705(18) Å with angle at H6n = 176.8(18)°for (iii) 1 + x, −1 + y, z]. Finally, the water-O-H forms donor interactions to carboxylate-O atoms [O1w-H1w· · · O4: H1w· · · O4 = 1.890(16) Å, O1w· · · O4 = 2.7325(16) Å with angle at H1w = 177.2(18)°and O1w-H2w· · · O2 i : H2w· · · O2 i = 1.91(2) Å, O1w· · · O2 i = 2.7487(17) Å with angle at H2w = 172.5(19)°]. Globally, the di-anions and water molecules establish a three-dimensional framework with the DMSO molecules lying in channels parallel to the a axis direction.
The Hirshfeld surfaces, as well as the two-dimensional fingerprint plot (full and delineated), were also calculated using literature procedures [14] and Crystal Explorer 17 [15] . Such an analysis has proved useful in distinguishing multiple molecules in a crystallographic asymmetric unit [16] . Overall, for the asymmetric unit illustrated in the figure, there are five types of contacts making a significant contribution (>1%) to the Hirshfeld surface: H· · · H [45.8%], O· · · H/H· · · O [27.4%], C· · · H/H· · · C [14.3%], S· · · H/H· · · S [6.0%] and S· · · C/C· · · S [4.4%]. To a first approximation, these values mirror those in the analogous 2-DTBA structure with DMF [9] rather than DMSO, i.e. H· · · H [45.7%], O· · · H/H· · · O [30.1%], C· · · H/H· · · C [16.0%], S· · · H/H· · · S [5.8%] and S· · · C/C· · · S [0.5%]. The only differences are seen in the O· · · H/H· · · O, C· · · H/H· · · C and S· · · C/C· · · S contacts, i.e. variations of up to a few percent. The analysis of the contacts formed by the two independent dications in the title salt prove instructive. For the N1-dication, four different types of contacts are evident, namely H· · · H [51.8%], O· · · H/H· · · O [30.9%], C· · · H/H· · · C [14.3%] and S· · · H/H· · · S [2.9%]. Quite different percentage contributions are seen for the N2-di-cation: H· · · H [59.3%], O· · · H/H· · · O [36.4%] and C· · · H/H· · · C [4.2%], i.e. with significant increases in the H· · · H and O· · · H/H· · · O contacts at the expense of the C· · · H/H· · · C and S· · · H/H· · · S contacts. It is argued that these differences are systematic and correlate with the nature of the N-H· · · O hydrogen bonding patterns. Thus, a tighter network of hydrogen bonds are apparent for the N1-di-cation which forms three chargeassisted ammonium-N-H· · · O(carboxylate) interactions. By contrast, the N2-dication forms charge-assisted hydrogen bonds to disparate oxygen atoms, namely to carboxylate-O, water-O and DMSO-O acceptors. With a less-tight, more diffuse, hydrogen bonding arrangement, the percentage of O· · · H/H· · · O surface contacts increases at the expenses of weaker interactions. A similar analysis of the individual di-cations in the DMF analogue [9] was also conducted. Here, for the N1-di-cation which forms two charge-assisted ammonium-N-H· · · O(carboxylate) interactions as well as a charge-assisted hydrogen bond to the O(DMF), the percentage contributions compute to H· · · H [56.5%], O· · · H/H· · · O [33.2%], C· · · H/H· · · C [9.6%] and S· · · H/H· · · S [0.8%]. For the N2-di-cation, systematic variations are again apparent with the percentage contributions being H· · · H [52.3%], O· · · H/H· · · O [43.4%], C· · · H/H· · · C [2.4%] and S· · · H/H· · · S [1.6%]. As well as forming two charge-assisted ammonium-N-H· · · O(carboxylate) interactions, this cation forms a charge-assisted hydrogen bond to a water molecule, which also forms donor interactions to carboxylate-O and DMF-O atoms, leading to a more open arrangement and hence, greater percentage contribution by O· · · H/H· · · O surface contacts. Finally, it is noteworthy that there is a systematic variation in the percentage contributions afforded by the H· · · H and O· · · H/H· · · O surface contacts in that values in the DMFcontaining structure, lie between the extremes of the DMSOcontaining structure.
